Introduction
Sand dunes are one of nature's most dynamic and intriguing phenomena. They are found in most climates of the world, usually at the sea or in arid regions (deserts). Coastal dunes are created by the action of sea and wind. Material carried by rivers is deposited through the interaction of coastal currents, waves and wind along the coastline, forming dunes. Grains of sand between 0.062 and 2 mm in diameter are not cohesive and easily transported by wind. Finer grains of silt and clay (< 0.050 mm) are cohesive and resist wind erosion, and larger grains are too heavy. This property of sand explains why dune sand is composed predominantly of particles between 0.125-0.250 mm (Tsoar 2003) . The main factors influencing dune morphology are velocity of onshore winds and grain size distribution of the available sediments.
Coastal sand dunes protect the land by acting as natural barriers to salt water intrusion and aeolian erosion. The sandy coast between shoreline and dunes absorbs wave energy and without this protection unconsolidated sediments would be eroded rapidly. Even small disruptions in the dune system can cause salt-water intrusion into the groundwater, thus threatening local irrigated agriculture. The dunes are home to a multitude of species, in both flora and fauna. Their importance has been acknowledged in recent years and they are now priority habitats for conservation in the European Union. However, human activities such as sand extraction, trampling, vehicle driving (e.g. moto-cross) and uncontrolled use of surrounding public or private lands are inducing erosion at a large scale.
In spite of its small size, Greece has a long coastline. Sand dunes exist in many places along this coastline. On the coast of western Greece in particular rocky beaches and cliffs alternate with sandy beaches, providing a great variation in form, height and vegetation structure. The region has a Mediterranean subhumid climate with cool to mild winters (Emberger 1954) . Southwesterly to northwesterly winds prevail, inducing high precipitation during the winter. Snow and frost are very rare phenomena in this area.
Many papers have been published on the coastal dune habitats and wetlands of western Greece (Gehu 1986 , Biondi 1989 , Georgiadis & al. 1990 ), three of which are Ramsar sites (Amvrakikos gulf, Acheloos river delta and Kotychi lagoon). Sand dunes are treated by Sýkora & al. (2003) for the whole of Greece and by Lavrentiades (1964 Lavrentiades ( , 1971 Lavrentiades ( , 1979 for western Greece. Lavrentiades (1971) distinguished four types of dunes on the coasts of western Peloponnesos: very low, embryonic dunes formed by sea water through swash and backwash activity; low dunes at a distance of 5-10 m from the sea; high mobile sand dunes (white, shifting dunes) at 8-10 m from the sea, and stabilized dunes, which occur further inland. This pattern seems to apply, with minor differences, also to the other coasts of western Greece. The low, embryonic dunes are characterized by a vegetation cover of the Agropyrion juncei alliance. White, shifting dunes are covered by Ammophilion arenariae (Ammophiletum arenariae association) and stabilized dunes by Ammophilion arenariae and/or Crucianellion maritimae (on Kerkira Island and around Kiparissia). Further inland Juniperion lyciae and Oleo-Ceratonion become more important. Not all of these vegetation zones occur on all sites. Their presence depends also on the degree of disturbance.
Within the frame of the Natura 2000 vegetation mapping project, twenty coastal sand dune ecosystems of western Greece have been studied, delimitated and mapped by the authors. The locations of these sites are shown in Fig. 1 . These studies are still ongoing, and details of the relevés and maps are still unpublished. Here we present a preliminary summary of our findings so far and evaluate aspects of the sand dune flora and vegetation of the area with relevance for conservation.
Material and methods
This study is based on unpublished collections and field observations made by the authors from 1999 to 2004, partly within the frame of the Natura 2000 project for vegetation and habitat identification and mapping. The nomenclature follows Strid & Tan (1997 , 2002 , Greuter & al. (1984-89) and Tutin & al. (1968 Tutin & al. ( -80, 1993 . Life-form categories follow Raunkiaer (1934) , while the classification of the chorological types is in accordance with Pignatti (1984) . Voucher specimens are deposited at the Herbarium of the University of Patras (UPA).
The comments on phytosociological units are based on 185 vegetation samples (relevés) taken in all the study sites, following Braun-Blanquet (1964) and Westhoff & Van der Maarel (1978) . Details of the phytosociological work are to be published in a forthcoming publication. Habitat types were identified using the "Interpretation Manual of EU Habitat Types" (EEC 2003) and "Mapping Technical Guide" (Dafis & al. 2001) . The location of the twenty study sites is shown in Fig. 1 .
Results and discussion

Flora
The vascular flora of the investigated coastal dunes of western Greece comprises the following 182 taxa, belonging to 128 genera and 39 families. The life-form spectrum in Fig. 2A shows that therophytes are dominant (52 %), followed by hemicryptophytes (19 %). Geophytes are also rather frequent (12 %), while other forms occur in lower percentages.
Regarding their total distribution, the taxa found in the studied areas can be assigned to twelve chorological groups (Fig. 2B) . The Mediterranean elements predominate with 63%, including 28% Eury-Mediterranean and 25 % Steno-Mediterranean taxa. Cosmopolitan and East-Mediterranean groups have a lower number of taxa (12 % and 10 %, respectively).
The life-form spectrum reflects the environmental conditions prevailing in western Greece, with long summer aridity (therophyte dominance), while the Mediterranean element conforms to the geographical position and climatic characteristics.
The flora comprises 3 endemic taxa, the Greek endemics Anchusella variegata and Petrorhagia glumacea, and the Balkan endemic P. obcordata.
Vegetation
The vegetation contributes essentially to the stability of dunes; thus, to predict the change of a dune system under possible future climate change, it is necessary to consider the different patterns of plant communities from the coast landwards and the factors that influence them (Corre 1991) .
In nine of the twenty sites studied, the annuals Salsola kali, Cakile maritima, Matthiola tricuspidata and Euphorbia peplis prevail in the foredune front (Natura 2000 code: 1210, 'Annual vegetation of drift lines'). They form an ecotone (class Cakiletea maritimae) between the beach and the adjacent dune ecosystem.
Moving from the sea landwards, where the diversity of the sand dune ecosystem is mainly influenced by wind and soil development, the vegetation belongs mainly to the Agropyrion juncei (association Eryngio-Elymetum farcti), with Eryngium maritimum, Elymus farctus and Sporobolus pungens prevailing (Natura 2000 code: 2110, 'Embryonic shifting dunes') in eighteen out of twenty sites.
In eight sites shifting (white) dunes with the characteristic Ammophila arenaria are found [Natura 2000 code: 2120, 'Shifting dunes along the shoreline with Ammophila arenaria (white dunes)']. These formations belong to the alliance Ammophilion arenariae.
Mediterranean fixed beach dunes (Natura 2000 code: 2210, 'Crucianellion maritimae fixed beach dunes') are found in two sites. The species Crucianella maritima, Pancratium maritimum, Coridothymus capitatus, Elymus farctus and Cyperus capitatus are characteristic for this habitat type and these formations belong to the Crucianellion maritimae alliance.
The habitat type 'Dunes with Euphorbia terracing' (Nature 2000 code: 2220), where the species Euphorbia terracing and Silene nicaeensis dominate, occurs in two sites. This habitat type is classified as the association Euphorbio-Silenetum nicaeensis (Crucianellion maritimae).
Compared to previous data and surveys (Lavrentiades 1964 ) the extent of sand dune vegetation appears to have decreased during the last 20-30 years, mainly due to direct human impact (development of tourism, trampling, etc.).
To investigate whether the associations are properly developed in the investigated sites, Detrended Correspondence Analysis (DCA) was applied on the relevés of three habitat types: 1210 ('Annual vegetation of drift lines'), 2110 ('Embryonic shifting dunes') and 2120 ('Shifting dunes along the shoreline with Ammophila arenaria, white dunes') ( Fig. 3) .
